Renal angiography and scintigraphy have recently been advocated as an effective means for diagnosing renal tumors, besides the common techniques of intravenous pyelography (IVP), retrograde pyelography (RP), and pneumoretro peritoneum (PRP).
In this series of experiments renal angiography and/or scintigraphy were performed along with pyelography, and the results were analyzed to assess the relative value of these methods in the diagnosis of renal tumors. Contiuned TABLE 1 the location of foci with cold areas, the size of the tumor, and the visual clarity of the scintigraphy. The final diagnosis in each case was based on the histological findings in the excised tumor, but in 10 cases (6 of hypernephroma, 2 of pelvic tumor, and 2 of Wilms' tumor) tumors were not excised, and diagnosis was made on the basis of the laboratory findings. (Table 1) Of 47 cases finally confirmed as hypernephromas , 23 cases (Cases 1-23) were examined by all three methods, pyelography , angiography, and scintigraphy; and 24 cases (24-47) by two methods, pyelography and angiography . Among these, 6 cases (2, 8, 13, 20, 44 , and 45) not subjected to surgery were diagnosed on the basis of laboratory data.
MATERIAIS AND METHODS

RESULTS
Hypernephroma
a) Pyelography
In 16 of 47 cases, pyelograms could not be visualized by intravenous pyelography, but in 12 of these they could be obtained by retrograde pyelography. The findings distinct in the pyelograms included deformed elongation of the renal pelvis and calyces in 35 cases (74%), partial defects of the pelvis and/or calyces in 22 (47%), hydronephrosis in 7 (15%), and abnormal ureteral courses in 4 (9%) . On the other hand, Cases 17, 27, 30, and 41 failed to develop any pictures , and Case 38 with hydronephrosis showed no distinct signs indicative of a true tumor . In Cases 9, 10, and 33, the pyelograms developed no abnormalities (Fig . 1) .
In summary, pyelography demonstrated hypernephromas in 40 (85%) of 47 cases but failed to show any convincing evidence of them in the remaining 7 (15%). 
b) Renal angiography
Pooling signs were identified in 40 (85%) of 47 cases, and displaced or divergent intrarenal arteries in 33 (70%). The demarcation of the tumor was clear in 4 cases (9%). Blood vessels were found in the tumor capsule in 9 cases (19%), and aortic displacement in 10 (21%).
From these results, it was possible to identify hypernephroma in 45 cases (96%) but impossible to differentiate it in 2 (4%). The latter 2 cases were confirmed as hypernephromas by pyelography.
The size of tumors estimated by angiography was compared with the size postoperatively measured in 36 cases. The results showed that the actual size was generally more than 2 cm longer in diameter than the estimated size in 10 cases (28%), while in the other 26 cases (72%) the discrepancies were less than 2 cm. c) Renal scintigraphy Renal scintigraphy was performed on 23 of 47 cases. In 7 (30%) of these, evidence was vague for hypernephroma, with no signs apparent from isotope uptake by the kidney, but of the remaining 16 cases, a cold area could be detected at the upper pole or upper to middle segment in 4 (17%) and at the lower pole or lower to middle segment in 11 (48%). However, Case 10 presented no scintigraphic abnormality and appeared normal pyelographically, but the tumor was confirmed by angiography. In all, renal scintigraphy proved useful for the diagnosis of hypernephromas in only 15 cases (65%). It is believed that renal scintigraphy is of no value for differentiation of tumors from other lesions when the tumor occupies most of the kidney causing incompetency in renal function. Seven such examples (31%) were found in these 23 cases.
2. Pelvic tumor (Table 2) All three methods, pyelography, angiography, and scintigraphy, were carried out in 4 (Cases 48-51) of 9 cases finally confirmed as pelvic tumors. The other 5 cases (52-56) were examined by pyelography and angiography, and 2 of these were diagnosed on the basis of laboratory findings. No abnormalities.
C. Scin tigram:
A cold area at the lower pole seen.
defects in 5 (22%), and hydronephrosis in 4 (17%). However , in retrograde pyelography, contrast medium failed to enter above the uteropelvic junction in 2 cases (53 and 55). In all, pyelographic analysis was available for diagnosis of pelvic tumor in 7 (78%) of 9 cases (Fig. 2) .
b) Renal angiography
The renal angiograms obtained showed a possible pooling sign in only one case , divergent arteries inclining toward the renal pelvis is 3 (33%) , blood vessels in the tumor capsule in 3 (33%), and an avascular area in one . With these findings, 7 (78%) of 9 cases could be confirmed as pelvic tumors.
The size of the tumor postoperatively available in 3 cases was compared 3. Wilms' tumor (Table 3) a) Pyelography Wilms' tumors were confirmed in 4 cases, of which one (Case 57) was diagnosed pyelographically. The other 3 (Cases 58-60) developed no pictures on pyelograms and retrograde pyelography was not performed on these. b) Renal angiography Renal angiography performed on one case revealed that the affected kidney showed relatively poor vascularity with abnormal blood vessels (Fig. 3 ). This finding made it possible to identify this case as a Wilms' tumor, not a case of hydronephrosis.
The size of the tumor estimated on the angiogram was similar to the actual size of the excised tumor. Intravenous pyelography, with its easy technique, is most commonly used for diagnosis of renal tumors, though it has often failed to show adequate findings. Certainly, in cases of hypernephroma which was confined within the renal paren chyma or occupied the whole body of the kidney, intravenous pyelography failed to indicate any pathological feature.
The abnormalities which are most frequently detected by intravenous pyelo graphy, are the deformed elongation and defects of the pelvis and calyces. In clinical observations, Mintz (1938) noted this deformation in 44% of their cases of renal tumor. In the present study, the pyelograms obtained by this method were usefull to confirm the diagnosis of hypernephroma in 40 (85%) of 47 cases.
The diagnostic value of renal angiography has been highly appreciated by many authors. Edsman (1957) reported that renal angiography failed to identify renal tumors in only 2 out of 80 cases in his series. On the other hand, some cases were noted by Uson et al. (1963) , Kaiser et al. (1967) , and others , in which tumors were not easily diagnosed by this means. Of these instances, Kaiser et al . (1967) have commented that most of these are examples of "associated tumor and cyst" and can possibly be diagnosed with the aid of a complementary needle puncture . In the present angiographic findings, hypernephromas were identified in 45 (96%) out of 47 cases on the basis of either pooling signs or displacement of intrarenal arteries . No significant abnormalities were detected in the remaining 2 cases (4%) .
In assessing the diagnostic value of renal scintigraphy, Chisholm et al . (1967) reported that the method is unable to demonstrate tumors when they are less than 2.5 cm in diameter, and it is often difficult to differentiate them from cyst . Morris et al. (1967) , on the other hand, noted that tumorous changes could be discovered by scintigraphy in over 90% of their series. In the present experiments , we could not diagnose decisively 7 (30%) of 23 hypernephromas, with no evidence of isotope uptake by the affected kidney because of the difficulty of discriminating them from non-functioning kidney. In 11 cases (48%), visualized cold areas suggested the presence of tumors or cysts in the renal parenchyma, but the indica tion was too vague to make a definite diagnosis. In another instance (Case 10), the renal scintigram demonstrated no abnormalities since the tumor protruded extrarenally. In such cases, it would be difficult to visualize the exact picture of a tumor, regardless of its size. In summary, renal abnormalities were discovered scintigraphically in 22 (96%) of 23 cases in this series, but, because of the problems described above, it is not adequate to rely solely on this method in diagnosing hypernephroma.
Hypernephroma was diagnosed in 85% of the cases by pyelography only, 96% by renal anigography, and 65% by renal scintigraphy. It seems possible that a correct diagnosis can be made nearly in 100%, if these three means are adequately combined.
Pelvic tumor
Pyelography is of great value in diagnosing pelvic tumors which are located exclusively in the renal pelvis.
In the present series, even when intravenous pyelography failed to produce any clear pictures because of the tumor-caused stenosis of the renal pelvis or the ureter, the application of retrograde pyelography contributed to the attainment of a diagnosis in 78% of pelvic tumor cases.
It was noted by Kincaid (1966) that some pelvic vessels are displaced by the tumor. In the present experiments, blood vessels displaced toward the renal pelvis were observed by angiography in 3 (33%) of 9 cases, suggesting the presence of tumors. In one case, a developed pooling sign was not evident for distinguishing a pelvic tumor from hypernephroma. In other 3 cases, blood vessels were observed in the tumor capsule.
On renal scintigrams, pelvic tumors are identifiable when they have damaged the renal parenchyma.
By scintigraphy applied to 4 cases, a cold area was observed in 2 cases (50%), while in the other 2 (50%) no signs of isotope uptake by the kidney could be detected. The findings indicate that pelvic tumors are not easily identifiable by scintigraphy, as is the case with hypernephroma.
Most of Wilms' tumors occur in children before 2 years of age, and in most instances have abdominal masses as their cheif complaint.
Although it is of primary importance to determine whether the mass is intrarenal or extrarenal, examination are extremely limited for such young patients, and the intravenous pyelogram fails to show any abnormality, even in cases of extrarenal tumors.
In the present series, intravenous pyelography performed on 3 of 4 cases failed to develop pyelographs, so it was possible to determine prior to the operation that the abdominal masses were Wilms' tumors.
Renal angiography, which was effective in the diagnosis of hypernephroma, proved to be equally of value in the diagnosis of Wilms' tumor in one out of 4 cases in this series. Renal scintigraphy performed on 3 cases showed the presence of abnormalities in the kidney, indicating that the abdominal masses were Wilms' tumors . These findings support the idea that renal scintigraphy is of special value to determine whether a child's abdominal mass is intrarenal or extrarenal . In all likelihood, the method will further contribute to an accurate diagnosis when performed along with hepatic and splenic scintigraphy as has been suggested by Morris et al. (1967) .
